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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Conductors and Accessories for Overhead Lines Sectional Committee had been approved by the 
Eleciroiechnical Division Council. 

This Indian Standard has been prepared to lay down the technical requirements of 'Annealed Stranded 
Copper Conductors* for use in jumper wires. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance 
with IS 2 : 1960 'Rules for rounding off numerical values ( revised )\ The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 

ANNEALED STRANDED COPPER 
CONDUCTORS FOR JUMPER WIRES 

SPECIFICATION 



1 SCOPE 

LI This specification covers the requirements for 
hare stranded annealed copper conductors of con- 
centric and rope lay ( having concentric stranded 
members) construction for use as jumper wires in 
25 kV ac at 50 Hz single phase traction overhead 
equipment 

2 REFERENCES 

2«1 Following Indian Standards are necessary 
adjuncts to this standard : 

IS 191 ( Part 3 ) : Copper ( third revision ) 
1980 

IS 1778 : 1980 Reels and drums for bare conduc- 
tors (reaffirmed 1993) 

IS 1885 ElectroteChnical vocabulary : 

(Part 32); Part 32 Cables, conductors and 
1971 accessories for electricity supply 

3 TERMINOLOGY 

3*0 For the purpose of this standard, the following 
definitions in addition to those given in IS 1885 
( Part 32): 1971 shaU apply. 

3.1 Stranded Conductor 

Conductor consisting of three or more copper wires 
of the same nominal diameter twisted together in 
concentric layers. When the conductor consists of 
more than one layer, successive layers are twisted 
in opposite directions. 

32 Diameter 

The mean of six measurements at right angles taken 
at the same cross-section at three places. 

3*3 Concentric Lay 

The conductors stranded with a central wire sur- 
rounded by one or more layers of helically laid wire. 

3 A Rope Lay 

The conductor constructed with a concentric laid 
stranded central core surrounded by one or more 
layer of helically laid concentric laid strands. 



3S Direction of Lay 

The direction of lay is defined as right hand or left 
hand. With right hand lay; the wires conform to the 
direction of the central part of the letter Z, when 
the conductor is held vertically. With left hand lay, 
the wires conform to the direction of the central 
part of the letter 5, when the conductor is held 
vertically. 

3.6 Lay Ratio 

Ratio of the axial length of a complete turn of the 
helix formed by an individual wire in a stranded 
conductor to the external diameter of the helix. 

4 REQUIREMENTS OF WIRES 

4.1 Material 

The conductor shall consist of drawn and annealed 
round bare copper wire for electrical purposes. 
The quality of raw copper used for the above shall 
be of such quality and purity that t^e finished wires 
conform to the requirements prescribed in this 
specification. 

4.2 Volume Resistivity 

The volume resistivity of standard annealed copper 
at TffC shall be not more than 0.017 241 ohm 
mm"^/m which corresponds to 100 percent con- 
ductivity ( lACS ). 

4.3 Elongation 

The percentage elongation of individual stranded 
wires when tested over a gauge length of 250 mm 
shall not be less than 25 for the wires before strand- 
ing and not less than 20 after stranding. 

4.4 Freedom from Defects 

The wire shall be clean, smooth and free from 
harmful defects. 

4.5 The nominal sizes of the wire for these conduc- 
tors shall be the following with a tolerance of ±1 
percent on nominal diameter : 

Nominal Dia 
(mm) 

L016 

1.25 

1.80 
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4.6 Joints in Wire Except During Stranding 

4.6.1 The wires shall be drawn in cgntinuous 
lengths, without joints except those made in soft 
rod or wire before joints except those made in soft 
rod or wire before final drawing. 

4.7 Joints in Stranded Conductors 

4.7.1 Conductors Containing More than Seven Wires 

In case of stranded conductors containing more 
than seven wiresajoint in any wire shall be permitted 
provided that distance between two joints ( other 
than those in wires before stranding permitted under 
4.8 ) in stranded conductors shall not be less than 
IS m. Joint shall be hard soldered or welded. 

4.7.2 Not more than two joints during stranding in 
one kilometre length of conductor shall be per- 
mitted. 

4.8 Density 

At a temperature of 20**C the density of hard 
drawn high conductivity copper has been taken as 
8.89 g/cm. 



4.9 Coefficient of Linear Expansion 

At a temperature of 20*^0 the coefficient of linear 
expansion of hard drawn high conductivity copper 
has been taken as 0.000 017 per "*€. This coefficient 
may be used over a temperature range of O^C to 
150°C 

4.10 Constant Mass Temperature Coefficient of 
Resistance 

At a temperature 20®C the coefficient of variation 
of the resistance with temperature of hard drawn 
high conductivity copper measured between two 
potential points rigidly fixed to the wire, the metal 
being allowed to ^and freely, has been taken as 
0.003 81 per X which is a representative value for 
copper of 98 percent conductivity. 

5 SIZES OF CONDUCTOR AND 
CONSTRUCTION 

5.1 The areas of cross section, numbers and 
diameters of wires, type of construction overall 
diameter, weight of the conductors and resistance 
shall be as under. 



SL 
Na 


Nominal 

Ami of 

Conductor 


Number 
of Strands 

Wire 
Diameter 


Cor»struction 


Approx 

Overall 

Dia 


Nommal 
Weight 


Resistance ai 
TKfC 
Stranded Maximum 




niin 


mm 




mm 


kg/km 


ohm/km 




ohm/lcm 


(1) 


0) 


(3) 


(4) 


(5) 


w 


(7) 




(8> 


1 


50 


19A.80 


Concentric lay 


9.00 


438.00 


0.3633 




0.3705 


2 


100 


19/7/1.016 


Rope lay 


15.24 


993.6 


0.165 7 




0J689 


3 


160 


19/7/1.25 


Rope lay 


18.75 


1504.00 


0.1090 




0,111 7 



5.2 Condition of the Conductor 

The conduaor shall be supplied plain, without 
tinning or any other coating in the lengths specified 
by the purchaser. 

5.3 Lay 

The direction of lay of the outer layer shall be right 
handed. Successive layers shall have opposite 
directions of lay. 

5.4 19/1.80 mm Conductor — Concentric Lay 

The lay length shall neither be less than 10 times 
nor more than 16 times the diameter of the 
conductor. 

5.5 19/7/1.016 and 19/7/1.25 mm Conductors — 
Rope Lay 

5.5.1 The lay length of the outer layer shall neither 
be less than 8 times nor more than 16 times the 
outside diameter of the conductor the lay length of 



the other layers shall be at the option of the 
manufacturer unless specifically agreed upon. 

5.5.2 The lay length of the individual wires com- 
prising the stranded conductor shall neither l>e less 
than 8 times nor more than 16 times the outside 
diameter layer. 

5.6 In the case of stranded conductor containing 
more than 7 wires, a joint in any wire shall be 
permitted provided that no two joints (other than 
these in wires before stranding) occur at points in 
the stranded conductors nearer than 15 m joints 
shall be hard-soldered or welded. 

6 TOLERANCE ON LENGTH 

6.1 The conductor shall he delivered in length as 
specified by the purchaser. The tolerance shall be : 

a) For lengths under 750 m = + 10 m 

b) For lengths of 750 m and above = + 20 m or 
+ I percent whichever is less subject to a 
minimum of + 10 m. 
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7 TESTS 

7.1 All the tests specified in the specification shall 
be carried out by wires at the manufacturer works. 
The manufacturer shall arrange all the necessary 
machinery, apparatus, labour assistance required 
for conducting the tests without taking any claim 
on the purchaser. The tests for which the facilities 
are not available at the manufacturers works may 
be carried out at any other reputed laboratory with 
the prior approval of the purchaser. 

7^ l>pe Tests 

The following shall constitute type tests : 

i) Visual examination (9.1); 

ii) Measurement of diameter of individual 
wires and stranded conductor (9.2) ; 

iii) Measurement of lay length (9*3) ; 

iv) Measurement of weight of wires and con- 
ductor (9.4) ; 

v) Measurement of resistance of wires (9.5) ' 

vi) Elongation test on wires (9.6) ; and 

vii) Chemical analysis (9.7). 

7.3 Acceptance Tests 

The acceptance tests shall be the same as type tests. 

8 SELECTION OF SAMPLES OF CONDUCTOR 
FOR TESTS 

8.1 Type Tests 

Three samples of wires and conductors shall be 
taken for each type test. The samples shall be from 
the wires and conductors manufactured in the 
presence of the inspector unless otherwise per- 
mitted by the purchaser. 

8.2 Acceptance Tests 

Samples of wires and conductors for acceptance 
tests shall be cut from each drum. The lay length 
(93) and resistance (9.5) shall be measured first. 
Then three wires from 50 mm^, and twelve wires 
from 105 mm^ and 160 mm^ jumpers shall be taken 
at random and subjected to the test specified in 9.1 
and 9.2. 

8.2.1 Criteria for Acceptance 

8.2.1.1 The samples of wires and conductors taken 
from each drum shall be subjected to all the tests 
prescribed in 7.3. The wires and conductor in the 
drums shall be deemed to have passed the tests if 
the sample passes all the tests. If a sample fails in 
more than one test, the drum shall be rejected. 
Should the sample foils in any one of the tests, two 
more samples shall be taken from the drum and 
subjected to all the tests. Should any sample fail in 
any test, the drum shall be rejected. 



8.2.1,2 The wires and conductor in the rejected 
drum shall be cut into lengths of less than 5 m to 
prevent their inadvertent mixing with other drums. 

9 TESTING METHODS 

9.1 Visual Examination 

When examined visually, the wires and conductors 
shall be smooth, free from harmful defects such as 
abrasions, peelings, rough surface and bird caging. 

9.2 Measurement of Diameter of Wires and 
Stranded Conductor 

The diameter shall be measured by means of ratchet 
micrometer or a dial micrometer between two flat 
circular studs of minimum diameter of 5 nrni. The 
measurements shall be taken at 5 places of the 
sample. The average dia of the strands shall be 
within the limits prescribed in 4.5. 

9.3 Lay Lengths 

The lay lengths shall be measured for the complete 
conductor. The lay length of different layers shall 
be within the limits prescribed in 5.4 and 5.5. 

9.4 Measurement of Weight of Wires and 
Conductor 

The mass of wires and stranded conductor per 
kilometre shall be measured by weighing three 
samples each of 50 cm (approximately) length by a 
balance having accuracy of + 1 g for conductor and 
+ 0. 1 g accuracy for wires. 

9.5 Measurement of Electrici^ Resistance 

The resistance of the conductor shall be measured 
at room temperature and shall be within limits 
specified in 4,2. 

9.6 Elongation Test 

This test shall be performed only on wires. The 
load shall be applied on wires. The load shall be 
applied on straight lengths of wire having an 
original length of 250 mm. The extension shall be 
measured on the gauge length after the fractured 
ends have been fitted together provided the frac- 
ture occurs between the gauge marks and not closer 
than 25 mm to either mark. If the fracture occurs 
outside these limits and if the required elongation 
is not obtained, the test shall be discarded and 
another test made. 

9.7 Chemical Analysis 

The chemical composition shall conform to IS 191 
(Part 5): 1980. 

10 PACKING AND MARKING 

10.1 The conductor shall be delivered to the pur- 
chaser properly wound on drums. A drum shall 
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cariy only a continuous length of conductor. The 
conductor shall be carefully wound on the drum, the 
turns being close and continuous without any over- 
riding except on the first and last turns of each layer. 

1Q«2 The drums shall be of strong con^tmction 
and shall generally conform to IS 1778 : 1980. The 
flange of the drum shall be large enough to prevent 
any possible contact between the conductor and the 
ground during handling or transport. No internal 
or external lagging is necessary but yrbod battens 
shall be nailed to the flanges, covering the whole 
width of the drum and the full circumference of the 
flanges. 

10.3 Marking 

10*3.1 The labelling on the drums shall include the 
following information : 



a) Size of conductor, 

b) Length of conductor, 

c) Weight of drum (net and gross)*, 

d) Drum number, 

e) Name of the manufacturer, and 

f) Any other particulars specified by the 
purchaser. 

10.4 BIS Certincatica Marking 

The product may also be marked with Standard 
Mark. 

10.4.1 The use of the Standard Mark is govefmed 
by the provisions of Bureau of Indian Standards 
Act, 1986 and the Rules and Regulations made 
thereunder. The details of conditions under which 
the licence for the use of Standard Mark may be 
granted to manufacturers or producers may be ob- 
tained from the Bureau of Indian Standards. 



BareaQ of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to 
promote harmonious development of the activities of standardization, marking and quality 
certification of goods and attending to connected matters in the country. 

Copyright 

BIS has a copyright of all its publications. No part of these publications may be reproduced in 
any form without the prior permission in writing of BIS. This does not preclude the free use, in 
the course of implementing the standard, of necessary details, such as symbols and sizes, type or 
grade designations. Enquiries relating to copyright be addressed to the Director ( Publications ), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are 
also reviewed periodically; a standard along with amendments is reaffirmed when such a review 
indicates that no changes are needed; if the review indicates that changes are needed, it is taken 
up for revision. Users of Indian Standards should ascertain that they are in possession of the 
latest amendments or edition by referring to the latest issue of *BIS Handbook* and 'Standards 
Monthly Addition'. 

This Indian Standard has been developed from Doc : No. ETD 37 ( 3407 ) 
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